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surface of the flange 4A, and a front end of the terminal
electrode 6eis setback toward an outer side surface of the first
flange 4B.
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1
PULSE TRANSFORMER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a pulse transformer and,
more particularly, to a surface-mount pulse transformer using
a drum-type core.

2. Description of Related Art

In recent years, in a circuit component such as a connecter,
a pulse transformer is widely used for isolating a differential
signal at an input side (primary side) and a differential signal
at an output side (secondary side). In order to mount a plu-
rality of pulse transformers on a printed circuit board at high
density, it is preferable to use a surface-mount pulse trans-
former using a drum core (see Japanese Patent Application
Laid-Open Nos. 2009-302321 and 2010-109267).

A pulse transformer described in the Japanese Patent
Application Laid-Open No. 2010-109267 has a configuration
in which primary-side terminal electrodes and a secondary-
side center tap are formed in one flange of a drum core, and
secondary-side terminal electrodes and a primary-side center
tap are formed in the other flange. Wires constituting a pair of
coils are wound around a winding core of the drum core, and
each end portion of the wires is connected to a corresponding
terminal electrode or center tap. Such a pulse transformer is
required to have a configuration capable of accurately wind-
ing the wires using an automatic winding machine and reli-
ably connecting each end of the wires to the corresponding
one of the terminal electrodes.

FIG. 13 is an exemplary plan view illustrating a terminal
electrode structure of a conventional pulse transformer.

A pulse transformer illustrated in FIG. 13 has a drum core.
A pair of primary-side terminal electrodes 6a and 65 and a
secondary-side center tap 6¢ are provided on one flange 4A of
the drum core, and a pair of secondary-side terminal elec-
trodes 6d, 6e and a primary-side center tap 6f are provided on
the other flange 4B of the drum core. In the flange 4A, the
primary-side terminal electrode 64 is distanced from the sec-
ondary-side center tap 6¢ so as to ensure withstand voltage
between the primary and secondary sides. Similarly, in the
flange 4B, the secondary-side terminal electrode 6e is dis-
tanced from the primary-side center tap 6f.

A pair of coils constituting the pulse transformer includes
four wires S1, S2, S3, and S4. The wires S1 and S2 constitute
a primary-side coil, and wires S3 and S4 constitute a second-
ary-side coil. In FIG. 13, only lead sections of the wires are
illustrated, and winding portions thereof are omitted. An end
Sla of the wire S1 and an end S35 of the wire S3 are led out
from the winding core 3 and connected to the corresponding
terminal electrodes 6a and 6¢, respectively, without crossing
the other wires. On the other hand, an end S25 of the wire S2
and an end S4a of the wire S4 are each led out from a side
surface side of the winding core 3 which is a far side from the
terminal electrode to which each of the wires S2 and S4
should be connected so as to cross a center axis Y0 of the
winding core 3 and connected to the corresponding terminal
electrode. Specifically, the wire S2 is led out from a left side
surface 36 of the winding core 3 so as to cross the center axis
Y0 and connected to the terminal electrode 65. The wire S3 is
led out from a right side surface 3a of the winding core 3 so as
to cross the center axis Y0 and connected to the terminal
electrode 6¢. Thus, wires S2 and S3 are connected to the
corresponding terminal electrodes 65 and 6c¢, respectively,
after crossing each other.

However, the above-described conventional pulse trans-
former has a problem in that the lead section of one wire that
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crosses the other may also contact a different terminal elec-
trode from its connection target terminal electrode. That is,
the wire S4 that crosses the wire S2 at the flange 4A side may
contact the terminal electrode 65 in the course of connecting
the end S4a to the terminal electrode 6¢, and the wire S1 that
crosses the wire S3 at the flange 4B side may contact the
terminal electrode 6e¢ in the course of connecting the end Sla
to the terminal electrode 6f. To avoid such contact, it is nec-
essary to bend the end portion sharply for connection to the
corresponding terminal electrode, making it very difficult to
handle the wires with an automatic winding machine.

SUMMARY

An object of the present invention is therefore to provide a
pulse transformer capable of preventing the lead section of
the wire from contacting a different terminal electrode from
its connection terminal electrode and thus achieving high
connection reliability.

To solve the above problem, a pulse transformer according
to an aspect of the present invention includes a drum core
having a winding core, a first flange provided at one end of the
winding core in a first direction, and a second flange provided
atthe other end of the winding core in the first direction; a first
terminal electrode, a second terminal electrode, and a second
center tap which are provided on a bottom surface of the first
flange and arranged in a second direction perpendicular to the
first direction; a third terminal electrode, a fourth terminal
electrode, and a first center tap which are provided on a
bottom surface of the second flange and arranged in the sec-
ond direction; a first wire wound around the winding core and
having one end connected to the first terminal electrode and
the other end connected to the first center tap; a second wire
wound around the winding core and having one end con-
nected to the first center tap and the other end connected to the
second terminal electrode; a third wire wound around the
winding core and having one end connected to the fourth
terminal electrode and the other end connected to the second
center tap; and a fourth wire wound around the winding core
and having one end connected to the second center tap and the
other end connected to the third terminal electrode, wherein a
front end of the second terminal electrode positioned near an
inner side surface of the first flange is set back toward an outer
side surface of the first flange, and a front end of the fourth
terminal electrode positioned near an inner side surface of the
second flange is set back toward an outer side surface of the
second flange.

According to the present invention, it is possible to avoid a
lead section of the fourth wire from contacting the second
terminal electrode which is a different electrode from its
connection electrode (second center tap) and to avoid a lead
section of the first wire from contacting the fourth terminal
electrode which is a different electrode from its connection
electrode (first center tap). This allows a pulse transformer
having high connection reliability to be provided and allows
facilitation of lead-out of the wire and connection of the wire
to the terminal electrode.

It is preferable in the present invention that the first and
fourth wires are wound in a first winding direction from the
one end of the winding core to the other end thereof, the
second and third wires are wound in a second winding direc-
tion opposite to the first winding direction from the one end of
the winding core to the other end thereof, and at least one lead
section of the first and fourth wires crosses at least one lead
section of the second and third wires. In this case, it is par-
ticularly preferable that a position at which at least one lead
section of the first and fourth wires crosses at least one lead
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section of the second and third wires exists on the bottom
surface of the first or second flange. With this configuration, it
is possible to easily wind the wire using an automatic winding
machine.

It is preferable in the present invention that the front end of
the first terminal electrode is positioned closer to the inner
side surface of the first flange than the front end of the second
terminal electrode, and the front end of the third terminal
electrode is positioned closer to the inner side surface of the
second flange than the front end of the fourth terminal elec-
trode. With this configuration, it is possible to facilitate con-
nection of the one end of the first wire to the first terminal
electrode while avoiding the lead section of the fourth wire
from contacting the second terminal electrode. Similarly, it is
possible to facilitate connection of the other end of the fourth
wire to the third terminal electrode while avoiding the lead
section of the first wire from contacting the fourth terminal
electrode.

It is preferable in the present invention that the other end of
the second wire is led out from a first side surface side of the
winding core which is a far side from the second terminal
electrode so as to cross a center axis of the winding core and
connected to the second terminal electrode, the one end of the
third wire is led out from a second side surface side of the
winding core which is a far side from the third terminal
electrode so as to cross the center axis of the winding core and
connected to the third terminal electrode, the second and
fourth wires cross each other in the course of connecting to
the second terminal electrode and second center tap, respec-
tively, and the third and first wires cross each other in the
course of connecting to the fourth terminal electrode and first
center tap, respectively. Although the above-described con-
ventional problem is likely to occur in a winding structure in
which wire lead sections cross each other, such a problem can
be solved by the present invention.

It is preferable that a first distance between the second
terminal electrode and second center tap in the second direc-
tion is larger than a second distance between the first terminal
electrode and second terminal electrode in the second direc-
tion and, a third distance between the third terminal electrode
and first center tap in the second direction is larger than a
fourth distance between the third terminal electrode and
fourth terminal electrode in the second direction.

It is preferable in the present invention that the second
center tap includes a single terminal electrode provided on the
first flange, and the first center tap includes a single terminal
electrode provided on the second flange. This configuration
can easily realize series connection of coils by connecting end
portions of two wires onto the center tap having a single
electrode.

It is preferable in the present invention that the front end of
the first center tap is positioned closer to the inner side surface
of the first flange than the front end of the second terminal
electrode, and the front end of the second center tap is posi-
tioned closer to the inner side surface of the second flange
than the front end of the fourth terminal electrode. With this
configuration, it is possible to facilitate connection of end
portions of two wires onto the center tap having a single
electrode.

It is preferable in the present invention that the first center
tap includes first and second center tap terminal electrodes
provided on the second flange, the second center tap includes
third and fourth center tap terminal electrodes provided on the
first flange, the one end of the second wire is connected to the
first center tap terminal electrode, the other end of the first
wire is connected to the second center tap terminal electrode,
the other end of the third wire is connected to the third center
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tap terminal electrode, the one end of the fourth wire is
connected to the fourth center tap terminal electrode, a front
end of the second center tap terminal electrode positioned
near the inner side surface of the second flange is set back
toward the outer side surface of the second flange, and a front
end of the fourth terminal electrode positioned near the inner
side surface of the first flange is set back toward the outer side
surface of the first flange. With this configuration, in a pulse
transformer of a four-terminal-pair structure, it is possible to
avoid the wire lead section from contacting a different termi-
nal fitting from its connection terminal electrode. This allows
a pulse transformer having high connection reliability to be
provided and allows facilitation of lead-out of the wire and
connection of the wire to the terminal electrode.

It is preferable in the present invention that the first center
tap includes first and second center tap regions provided in a
single terminal electrode, that the second center tap includes
third and fourth center tap regions provided in a single termi-
nal electrode, the one end of the second wire is connected to
the first center tap region, the other end of the first wire is
connected to the second center tap region, the other end of the
third wire is connected to the third center tap region, the one
end of the fourth wire is connected to the fourth center tap
region, a front end of the second center tap region positioned
near the inner side surface of the second flange is set back
toward the outer side surface of the second flange, and a front
end of the third center tap region positioned near the inner
side surface of the first flange is set back toward the outer side
surface of the first flange. With this configuration, in a pulse
transformer of a three-terminal-pair structure in which the
center tap is formed as a wide terminal electrode, itis possible
to avoid the wire lead section from contacting a different
terminal fitting from its connection terminal electrode.

It is preferable in the present invention that the first to
fourth terminal electrodes and first and second center taps are
each formed as a terminal fitting fixed to the first or second
flange. The use of the terminal fitting as the terminal electrode
is advantageous over the use of a plating electrode in easiness
of forming thereof and is thus also advantageous in manufac-
turing cost. Further, attachment position accuracy of the ter-
minal fitting can be enhanced.

It is preferable in the present invention that the first to
fourth terminal electrodes and first and second center taps are
each formed of a conductive material directly applied on the
first or second flange. This allows formation of a more elabo-
rate and robust electrode surface having high fixing strength
with respect to a material, thereby enhancing erosion resis-
tance and shock resistance.

As described above, the use of the pulse transformer
according to the present invention makes it possible to avoid
the wire lead section from contacting a different terminal
fitting from its connection target terminal electrode. Thus, it is
possible to provide a pulse transformer having high connec-
tion reliability and allowing facilitation of lead-out of the wire
and connection of the wire to the terminal electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

The above features and advantages of the present invention
will be more apparent from the following description of cer-
tain preferred embodiments taken in conjunction with the
accompanying drawings, in which:

FIG. 1 is a schematic perspective view illustrating an outer
appearance of a pulse transformer 1 according to a first
embodiment of the present invention;

FIG. 2 is an exploded perspective view of the pulse trans-
former 1 according to the present embodiment;
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FIG. 3 is a schematic perspective view of the pulse trans-
former 1 set with the top and bottom thereof reversed and
viewed from the bottom side;

FIG. 4 is an equivalent circuit diagram of the pulse trans-
former 1;

FIG. 5 is a schematic plan view illustrating a shape of a
bottom portion of each terminal fitting provided on the flange;

FIG. 6 is an exploded perspective view of a pulse trans-
former 8 according to a second embodiment of the present
invention;

FIG. 7 is a schematic perspective view of the pulse trans-
former 8 set with the top and bottom thereof reversed and
viewed from the bottom side;

FIG. 8 is an equivalent circuit diagram of the pulse trans-
former 8;

FIG. 9 is a schematic plan view illustrating a shape of the
bottom portion of each terminal fitting provided on the flange;

FIG. 10 is a schematic plan view illustrating a structure of
a pulse transformer 9 according to a third embodiment of the
present invention, and more specifically illustrating a shape of
the bottom portion of each terminal fitting provided on the
flange;

FIGS. 11A to 11D are schematic plan views illustrating
modifications of a terminal electrode structure of the pulse
transformer according to the present invention;

FIG. 12 is a schematic plan view illustrating another modi-
fication of the terminal electrode structure of the pulse trans-
former according to the present invention; and

FIG. 13 is an exemplary plan view illustrating a terminal
electrode structure of a conventional pulse transformer.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Preferred embodiments of the present invention will be
explained below in detail with reference to the accompanying
drawings.

FIG. 1 is a schematic perspective view illustrating an outer
appearance of a pulse transformer 1 according to a first
embodiment of the present invention. FIG. 2 is an exploded
perspective view of the pulse transformer 1 according to the
present embodiment, and FIG. 3 is a schematic perspective
view of the pulse transformer 1 set with the top and bottom
thereof reversed and viewed from the bottom side.

As illustrated in FIGS. 1 to 3, the pulse transformer 1
according to the present embodiment includes a drum core 2,
aplate core 5, six terminal fittings 64 to 67, and a coil 7 having
wires wound around the drum core 2. Although not especially
limited, the pulse transformer 1 has a size of about 4.5 mm
(X-direction)xabout 3.2 mm (Y-direction)xabout 2.9 mm
(Z-direction).

The drum core 2 is formed of a magnetic material such as
an Ni—Zn-based ferrite and includes a winding core 3 around
which the coil 7 is wound and a pair of flanges 4A and 4B
disposed at both ends of the winding core 3 in the Y-direction.
The plate core 5 is also formed of a magnetic material such as
Ni—Zn-based ferrite and placed and fixed by adhesive onto
upper surfaces of the flanges 4A and 4B.

Anupper surface of the plate core 5 is a flat smooth surface,
and thus mounting of the pulse transformer 1 can be achieved
using the flat smooth surface as an absorption surface. Pref-
erably, a surface of the plate core 5 to be adhered to upper
surfaces of the respective flanges 4A and 4B is also a flat
smooth surface. Abutment of the flat smooth surface of the
plate core 5 against the flanges 4A and 4B allows tight adhe-
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sion between the plate core 5 and flanges 4A, 4B, thereby
forming a closed magnetic path free from magnetic flux leak-
age.
Each of the terminal fittings 6a to 6f are an [.-shaped metal
piece extending from a bottom surface of the flange 4A or 4B
to an outside side surface thereof. The outside side surface of
the flange refers to a surface positioned at an opposite side to
a coupling surface of the winding core 3. Preferably, the
terminal fittings 6a to 6f are parts cut out from a lead frame
obtained from a single metal piece. The terminal fittings 6a to
67 are adhered and fixed to the drum core 2 in a state before
being cut out from the lead frame and then cut out from a
frame part of the lead frame, whereby independent terminal
fittings are obtained. The use of the terminal fittings 6a to 6/
is advantageous over the use of a plating electrode in easiness
of forming thereof and is thus also advantageous in manufac-
turing cost. Further, attachment position accuracy of the ter-
minal fittings 6a to 6/ can be enhanced.

Of six terminal fittings 6a to 6f, three terminal fittings 6a,
65, and 6¢ are provided on the flange 4A side, and remaining
three terminal fittings 6d, 6e, and 6/ are provided on the flange
4B side. The terminal fittings 6a, 65, and 6c¢ are arranged in
the X-direction on the flange 4A, and the terminal fittings 6d,
6e, and 6/ are arranged in the X-direction on the flange 4B.

Of three terminal fittings 6a, 65, and 6c, two terminal
fittings 6a and 65 are provided near one end (in FIG. 2, near
a right end) of the flange 4A in the X-direction, and one
terminal fitting 6¢ is provided near the other end (in FIG. 2,
near a left end) of the flange 4A in the X-direction. That is, a
distance between the terminal fittings 65 and 6c¢ is larger than
a distance between the terminal fittings 6a and 65, thereby
ensuring withstand voltage between the primary and second-
ary sides. Similarly, of three terminal fittings 64, 6e, and 6f,
two terminal fittings 64 and 6e are provided near one end (in
FIG. 2, near aleft end) of the flange 4B in the X-direction, and
one terminal fitting 6fis provided near the other end (in FIG.
2, near aright end) of the flange 4B in the X-direction. That is,
a distance between the terminal fittings 6e and 6f1s larger than
a distance between the terminal fittings 64 and 6e, thereby
ensuring withstand voltage between the primary and second-
ary sides.

As illustrated in FIG. 2, each of the L-shaped terminal
fittings 6a to 6/ have a bottom portion Ty contacting the
bottom surface of the flange 4A or 4B and a side portion T
contacting the outside side surface of the flange 4A or 4B. As
illustrated in FIG. 3, each end of the coil 7 is thermal com-
pression bonded to a corresponding surface of the bottom
portion T of the terminal fittings 6a to 61

The coil 7 has four wires S1 to S4. The wires S1 to S4 are
coated wires and wound around the winding core 3 in a
two-layer structure. More in detail, the wires S1 and S4 are
wound by bifilar winding to constitute a first layer, and the
wires S2 and S3 are wound by bifilar winding to constitute a
second layer. The wires S1 to S4 have the same number of
turns.

The first layer (wires S1 and S4) and second layer (wires S2
and S3) have different winding directions. That is, when the
winding direction, e.g., from the flange 4 A toward the flange
4B isviewed from the flange 4 A side, the winding direction of
the wires S1 and S4 is clockwise (a first winding direction),
while the winding direction of the wires S2 and S3 is counter
clockwise (a second winding direction). This configuration is
to avoid extending each wire from one end of the winding
core 3 to the other end thereof at the start and end of winding.

Connection between the wires S1 to S4 and terminal fit-
tings 6a to 6/ will be described. One end Sla of the wire 51
and the other end S15 thereof are connected to the terminal
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fittings 6a and 6f, respectively, and one end S2a of the wire S2
and the other end S25 thereof are connected to the terminal
fittings 6/ and 65, respectively. Further, one end S3a of the
wire S3 and the other end S15 thereof are connected to the
terminal fittings 6e and 6c¢, respectively, and one end S4a of
the wire S4 and the other end S4b thereof are connected to the
terminal fittings 6¢ and 64, respectively.

FIG. 4 is an equivalent circuit diagram of the pulse trans-
former 1.

As illustrated in FIG. 4, the terminal fittings 6a and 65 are
used as a pair of balanced inputs, that is, a primary-side
positive-side terminal electrode P1 and a primary-side nega-
tive-side terminal electrode N1, respectively. The terminal
fittings 6e and 64 are used as a pair of balanced outputs, that
is, a secondary-side positive-side terminal electrode P2 and a
secondary-side negative-side terminal electrode N2, respec-
tively. The terminal fittings 6f'and 6c¢ are used as an input-side
center tap CT1 and an output-side center tap CT2, respec-
tively. The wires S1 and S2 constitute a primary winding of
the pulse transformer, and the wires S3 and S4 constitute a
secondary winding of the pulse transformer.

FIG. 5 is a schematic plan view illustrating a shape of a
bottom portion of each terminal fitting provided on the flange.

As illustrated in FIG. 5, of the terminal fittings 6a, 65, and
6¢ at the flange 4 A side, the terminal fittings 6a and 6¢ have a
symmetrical positional relationship with respect to a center
axis Y0 of the winding core 3 extending in the Y-direction, but
aterminal fitting having a symmetrical positional relationship
with the terminal fitting 65 is not provided. Similarly, of the
terminal fittings 6d, 6e, and 6f at the flange 4B side, the
terminal fittings 64 and 6/ have a symmetrical positional
relationship with respect to the center axis Y0, but a terminal
fitting having a symmetrical positional relationship with the
terminal fitting 6e is not provided. The drum core including
the above terminal fittings is symmetrical about a gravity
point P0, and terminal fittings 6a, 65, and 6¢ have a rotation-
ally symmetric relationship with the terminal fittings 64, 6e,
and 6f, respectively.

The one end S1a of the wire S1 and the other end S25 ofthe
wire S2 are connected to the terminal fittings 6a and 65 at the
flange 4 A side, respectively, and the other end S15 of the wire
S3 and one end S4a of the wire S4 are connected to the
terminal fitting 6¢.

The one end Sla of the wire S1 is led out from one side
surface 3a side of the winding core 3 and connected to the
terminal fitting 6a. The one end S4a of the wire S4 is led from
the one side surface 3a side of the winding core 3 together
with the one end Sla of the wire S1. The one end S4a then
crosses the center axis Y0 of the winding core 3 and is con-
nected to the terminal fitting 6¢. On the other hand, the other
end S3b of the wire S3 is led out from the other side surface
35 side (first side) of the winding core 3 and connected to the
terminal fitting 6¢. The other end S2b6 of the wire S2 is led
from the other side surface 36 side of the winding core 3
together with the other end S35 of the wire S3. The other end
S2b then crosses the center axis Y0 of the winding core 3 and
is connected to the terminal fitting 64.

As described above, the one end S1a of the wire S1 and the
other end S3b of the wire S3 are each led out from a side
surface side of the winding core 3 which is a near side from
the terminal fitting to which each of the wires S1 and S3 is
connected without crossing the center axis Y0 of the winding
core 3 and connected to the corresponding terminal fitting.
Thus, lead sections of the wires S1 and S3 at the flange 4A
side does not cross the other wires in the course of connecting
to the corresponding terminal fitting. On the other hand, the
other end S25 of the wire S2 and one end S4a of the wire S4
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are each led out from a side surface side of the winding core
3 which is a far side from the terminal fitting to which each of
the wires S2 and S4 is connected so as to cross the center axis
Y0 of the winding core 3 and connected to the corresponding
terminal fitting. Thus, lead sections of the wires S2 and S4 at
the flange 4 A side cross each other in the course of connecting
to the corresponding terminal fittings.

The other end S45b of the wire S4 and one end S3a of the
wire S3 are connected to the terminal fittings 64 and 6e at the
flange 4B side, respectively, and one end S2a of the wire S2
and the other end S1b of the wire S1 are connected to the
terminal fitting 61

The other end S45 of the wire S4 is led out from the other
side surface 35 side of the winding core 3 and connected to the
terminal fitting 6d. The other end S15 of the wire S1 is led
from the other side surface 34 side of the winding core 3
together with the other end S4b of the wire S4. The other end
S156 then crosses the center axis Y0 of the winding core 3 and
is connected to the terminal fitting 6/. On the other hand, one
end S2a of the wire S2 is led out from one side surface 3a side
(second side) of the winding core 3 and connected to the
terminal fitting 67° One end S3a of the wire S3 is led from the
one side surface 3a side of the winding core 3 together with
the one end S2a of the wire S2. The one end S3a then crosses
the center axis Y0 of the winding core 3 and is connected to
the terminal fitting 6e.

As described above, the one end S2a of the wire S2 and the
other end S4b of the wire S4 are each led out from a side
surface side of the winding core 3 which is a near side from
the terminal fitting to which each of the wires S2 and S4 is
connected without crossing the center axis Y0 of the winding
core 3 and connected to the corresponding terminal fitting.
Thus, lead sections of the wires S2 and S4 at the flange 4B
side does not cross the other wires in the course of connecting
to the corresponding terminal fitting. On the other hand, the
other end S15 of the wire S1 and one end S3q of the wire S3
are each led out from a side surface side of the winding core
3 which is a far side from the terminal fitting to which each of
the wires S1 and S3 is connected so as to cross the center axis
Y0 of the winding core 3 and connected to the corresponding
terminal fitting. Thus, lead sections of the wires S1 and S3 at
the flange 4B side cross each other in the course of connecting
to the corresponding terminal fittings.

In the present embodiment, on the bottom portions TB of
the three terminal fittings 6a, 65, and 6¢, each front end of the
two outside terminal fittings 6a and 6¢ with respect to the
center axis Y0 reaches an inner side surface SUi of the flange
4A or near the inner side surface SUi, while a front end ofthe
inside terminal fitting 65 with respect to the center axis YO0 is
set back toward an outer side surface SUo of the flange 4A.
The inner side surface SUi of the flange 4A refers to a surface
on an opposite side to the outer side surface SUo and serves as
a coupling surface of the winding core 3.

The lead sections of the wire S2 and S4 cross each other on
the bottom surface of the flange 4A. Thus, if, for example, the
terminal fitting 65 is not set back, the lead section of the wire
S4 contacts a front end of the terminal fitting 65 in the course
of connecting the one end S4a of the wire S4 to the terminal
fitting 6¢ (see FIG. 12). It is possible to divert the route of the
wire 4 so as to prevent the lead section of the wire S4 from
contacting the front end of the terminal fitting 65; in this case,
however, the wire S4 needs to be bent sharply, thereby com-
plicating handling of the wire end portion.

However, in the present embodiment, since the front end of
the inside terminal fitting 654 is set back, it is possible to avoid
the wire lead section from contacting a different terminal
fitting from its connection terminal electrode. On the other



US 9,349,526 B2

9

hand, the terminal fittings 6a and 6¢ are not set back. Thus,
each front end of the terminal fittings 6a and 6¢ reaches a
position closer to the inner side surface of the flange 4A than
the front end of the terminal fitting 65 is to the inner side
surface. In particular, each front end of the terminal fittings 6a
and 6¢ reaches an edge of the flange 4A at the inner side
surface side or a position as close as possible to the edge of the
flange 4A, making it possible to easily connect each end of the
wires S1 and S4 to the corresponding terminal fitting. A
setback amount SB of the front end of the terminal fitting 65
is not especially limited as long as it is possible to avoid the
lead section of the wire S4 from contacting the terminal fitting
65 and to connect the wire S4 to its connection terminal fitting
at its end portion.

Configurations of the terminal fittings 6d, 6e, and 6/ at the
flange 4B side are the same as those of the configurations of
the terminal fittings 6a, 65, and 6¢ at the flange 4A side. That
is, a front end of the inside terminal fitting 6e is set back.

The pulse transformer 1 of a type in which three terminal
fittings are fixed to each flange in the above embodiment;
however, a configuration may be adopted in which four ter-
minal fittings are fixed to each flange.

FIG. 6 is an exploded perspective view of a pulse trans-
former 8 according to a second embodiment of the present
invention, and FIG. 7 is a schematic perspective view of the
pulse transformer 8 set with the top and bottom thereof
reversed and viewed from the bottom side.

As illustrated in FIGS. 6 and 7, the terminal fitting 6¢ is
divided into two terminal fittings 6c1 and 6¢2, and terminal
fitting 6/1s divided into two center tap terminal fittings 6/1 and
672. That is, four terminal fittings are fixed to each of the pair
of flanges 4A and 4B. In this case, the other end S35 of the
wire S3 is connected to the terminal fitting 6¢1 (or 6¢2), the
one end S4a of the wire S4 is connected to the terminal fitting
6c2 (or 6¢1), one end S2a of the wire S2 is connected to the
terminal fitting 671 (or 6/2), and the other end S15 of the wire
S1 is connected to the terminal fitting 6/2 (or 6/1). Then, the
terminal fittings 6/1 and 672 are short-circuited to each other
through a wiring pattern (land) on a printed circuit board, and
the terminal fittings 6¢1 and 6¢2 are short-circuited to each
other through the wiring pattern (land) on the printed circuit
board, whereby substantially the same function as that
obtained by the pulse transformers 1 illustrated in FIGS. 1 to
3 can be achieved.

FIG. 8 is an equivalent circuit diagram of the pulse trans-
former 8.

As illustrated in FIG. 8, the terminal fittings 6a and 65 are
used as a pair of balanced inputs, that is, a primary-side
positive terminal electrode P1 and a primary-side negative
terminal electrode N1, respectively. The terminal fittings 6e
and 6d are used as a pair of balanced outputs, that is, a
secondary-side positive terminal electrode P2 and a second-
ary-side negative terminal electrode N2, respectively. The
terminal fittings 6¢1 and 6¢2 are used as input-side center taps
CT1 which are short-circuited to each other through a land
LD1 on the mounting surface. The terminal fittings 6/1 and
672 are used as output-side center taps CT2 which are short-
circuited to each other through a land L.D2 on the mounting
surface. The wires S1 and S2 constitute a primary winding of
the pulse transformer, and the wires S3 and S4 constitute a
secondary winding of the pulse transformer.

FIG. 9 is a schematic plan view illustrating a shape of the
bottom portion of each terminal fitting provided on the flange.

As illustrated in FIG. 9, of the four terminal fittings 6a, 65,
6c1, and 6¢2 at the flange 4A side, the terminal fittings 6a and
6c1 have a symmetrical positional relationship with respect to
the center axis Y0 of the winding core 3 extending in the
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Y-direction, and the terminal fittings 65 and 6¢2 have a sym-
metrical positional relationship with respect to the center axis
Y0. Similarly, of the four terminal fittings 64, 6e, 6/1, and 612
at the flange 4B side, the terminal fittings 64 and 6f1 have a
symmetrical positional relationship with respect to the center
axis Y0, and the terminal fittings 6e and 6/2 have a symmetri-
cal positional relationship with respect to the center axis Y0.
The drum core including the above terminal fittings is sym-
metrical about a gravity point P0, and terminal fittings 6a, 65,
6c1, 6¢2 have a rotationally symmetric relationship with the
terminal fittings 64, 6e, 6f1, and 6/2, respectively.

The one end S1a of the wire S1 and the other end S25 ofthe
wire S2 are connected to the terminal fittings 6a and 65 at the
flange 4 A side, respectively, and the other end S35 of the wire
S3 and one end S4a of the wire S4 are connected to the
terminal fittings 6¢1 and 6¢2.

The one end Sla of the wire S1 is led out from one side
surface 3a side of the winding core 3 and connected to the
terminal fitting 6a. The one end S4a of the wire S4 is led from
the one side surface 3a side of the winding core 3 together
with the one end S1a of the wire S1. The one end S4a then
crosses the center axis Y0 of the winding core 3 and is con-
nected to the terminal fitting 6¢2. On the other hand, the other
end S3b of the wire S3 is led out from the other side surface
35 side of the winding core 3 and connected to the terminal
fitting 6¢1. The other end S2b of the wire S2 is led from the
other side surface 34 side of the winding core 3 together with
the other end S3b of the wire S3. The other end S25b then
crosses the center axis Y0 of the winding core 3 and is con-
nected to the terminal fitting 65.

As described above, the one end S1a of the wire S1 and the
other end S3b of the wire S3 are each led out from a side
surface side of the winding core 3 which is a near side from
the terminal fitting to which each of the wires S1 and S3 is
connected without crossing the center axis Y0 of the winding
core 3 and connected to the corresponding terminal fitting.
Thus, lead sections of the wires S1 and S3 at the flange 4A
side does not cross the other wires in the course of connecting
to the corresponding terminal fitting. On the other hand, the
other end S25 of the wire S2 and one end S4a of the wire S4
are each led out from a side surface side of the winding core
3 which is a far side from the terminal fitting to which each of
the wires S2 and S4 is connected so as to cross the center axis
Y0 of the winding core 3 and connected to the corresponding
terminal fitting. Thus, lead sections of the wires S2 and S4 at
the flange 4 A side cross each other in the course of connecting
to the corresponding terminal fittings.

The other end S45b of the wire S4 and one end S3a of the
wire S3 are connected to the terminal fittings 64 and 6e at the
flange 4B side, respectively, and one end S2a of the wire S2
and the other end S1b of the wire S1 are connected to the
terminal fittings 671 and 6/2.

The other end S45 of the wire S4 is led out from the other
side surface 35 side of the winding core 3 and connected to the
terminal fitting 6d. The other end S15 of the wire S1 is led
from the other side surface 34 side of the winding core 3
together with the other end S4b of the wire S4. The other end
S156 then crosses the center axis Y0 of the winding core 3 and
is connected to the terminal fitting 6/2. On the other hand, one
end S2a of the wire S2 is led out from one side surface 3a side
(second side) of the winding core 3 and connected to the
terminal fitting 6/1. One end S3a of the wire S3 is led from the
one side surface 3a side of the winding core 3 together with
the one end S2a of the wire S2. The one end S3a then crosses
the center axis Y0 of the winding core 3 and is connected to
the terminal fitting 6e.
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As described above, the one end S2a of the wire S2 and the
other end S4b of the wire S4 are each led out from a side
surface side of the winding core 3 which is a near side from
the terminal fitting to which each of the wires S2 and S4 is
connected without crossing the center axis Y0 of the winding
core 3 and connected to the corresponding terminal fitting.
Thus, lead sections of the wires S2 and S4 at the flange 4B
side does not cross the other wires in the course of connecting
to the corresponding terminal fitting. On the other hand, the
other end S15 of the wire S1 and one end S3q of the wire S3
are each led out from a side surface side of the winding core
3 which is a far side from the terminal fitting to which each of
the wires S1 and S3 is connected so as to cross the center axis
Y0 of the winding core 3 and connected to the corresponding
terminal fitting. Thus, lead sections of the wires S1 and S3 at
the flange 4B side cross each other in the course of connecting
to the corresponding terminal fittings.

In the present embodiment, on the bottom portions TB of
the four terminal fittings 64, 65, 6¢1, and 6¢2, each front end
of the two outside terminal fittings 6a and 6c1 reaches the
inner side surface SUi of the flange 4A or near the inner side
surface SUi, while each front end of the two inside terminal
fittings 65 and 6¢2 is set back toward the outer side surface
SUo of the flange 4A.

The lead sections of the wire S2 and S4 cross each other on
the bottom surface of the flange 4A. Thus, if, for example, the
terminal fitting 65 is not set back, the lead section of the wire
S4 contacts a front end of the terminal fitting 65 in the course
of connecting the one end S4a of the wire S4 to the terminal
fitting 6¢2. Similarly, if the terminal fitting 6¢2 is not set back,
the lead section of the wire S2 contacts a front end of the
terminal fitting 6¢2 in the course of connecting the other end
S2a of the wire S2 to the terminal fitting 6. It is possible to
divert each route of the wires S4 and S2 so as to prevent the
lead sections of the respective wires S4 and S2 from contact-
ing the front ends of the terminal fittings 65 and 6¢2, respec-
tively; in this case, however, the wires S4 and S2 need to be
bent sharply, thereby complicating handling of the wire end
portion.

However, in the present embodiment, since each front end
of' the inside two terminal fittings 65 and 6¢2 is set back, it is
possible to avoid the wire lead section from contacting a
different terminal fitting from its connection terminal elec-
trode. On the other hand, the terminal fittings 6a and 6¢1 are
not set back. Thus, each front end of the terminal fittings 6a
and 6c¢1 reaches a position closer to the inner side surface of
the flange 4A than each front end of the terminal fittings 65
and 6¢2 is to the inner side surface. In particular, each front
end of the terminal fittings 6a and 6¢1 reaches an edge of the
flange 4 A at the inner side surface side or a position as close
as possible to the edge of the flange 4A, making it possible to
easily connect each end of the wires S1 and S4 to the corre-
sponding terminal fittings. A setback amount SB of each front
end of the terminal fitting 65 and 6¢2 is not especially limited
as long as it is larger than a setback amount of each front end
of the terminal fitting 6a and 6¢1 and it is possible to avoid
lead sections of the respective wires S2 and S4 from contact-
ing the terminal fitting 65 and 62 and to connect the wires S2
and S4 to their connection terminal fittings at their end por-
tions.

Configurations of the terminal fittings 6d, 6e, 6/1, and 672
at the flange 4B side are the same as those of the configura-
tions of the terminal fittings 6a, 65, 6¢1, and 6¢2 at the flange
4A side. That is, each front end of the inside terminal fittings
6e and 672 is set back.

FIG. 10 is a schematic plan view illustrating a structure of
a pulse transformer 9 according to a third embodiment of the
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present invention, and more specifically illustrating a shape of
the bottom portion of each terminal fitting provided on the
flange.

As illustrated in FIG. 10, a pulse transformer 9 according to
the present embodiment uses, in place of the two terminal
fittings 6c1 and 6¢2 of the pulse transformer 8 illustrated in
FIGS. 6 t0 9, one large terminal fitting 6¢ that covers forma-
tion areas of the terminal fittings 6¢1 and 6¢2 and uses, in
place of the two terminal fittings 61 and 672 of the pulse
transformer 8, one large terminal fitting 6/'that covers forma-
tion areas of the terminal fittings 6/1 and 672. In this case, the
one end S4a of the wire S4 is connected to an inside area 6¢i
(or outside area 6co) of the terminal fitting 6¢, and the other
end S3b of the wire S3 is connected to an outside area 6co (or
inside area 6¢7) of the terminal fitting 6¢. Further, the one end
S2a of the wire S2 is connected to an outside area 6fo (or
inside area 6f7) of the terminal fitting 6/, and the one end S2a
of the wire S2 is connected to an inside area 6/ (or outside
area 6fo) of the terminal fitting 6/

In the present embodiment, of the bottom portions TB of
the three terminal fittings 6a, 65, and 6¢, the front end of the
terminal fitting 64 is not set back and reaches an edge of the
flange 4 A at the inner side surface side or a position near the
edge of the flange 4A. On the other hand, the front end of the
inside terminal fitting 64 is set back toward the outer side
surface SUo of the flange 4A. As is the case with the terminal
fitting 6a, the front end of the outside area 6co of the terminal
fitting 6¢ reaches the edge of the flange 4A at the inner side
surface side or a position near the edge of the flange 4A. On
the other hand, the front end of the inside area 6c¢i is set back
toward the outer side surface SUo of the flange 4A

The lead sections of the wire S2 and S4 cross each other on
the bottom surface of the flange 4A. Thus, if the inside area
6¢i of the terminal fitting 6¢ is not set back, the lead section of
the wire S2 contacts the front end of the inside area 6¢i of the
terminal fitting 6¢ in the course of connecting the other end
S2b of the wire S2 to the terminal fitting 65. It is possible to
divert the route of the wire 2 so as to prevent the lead section
of'the wire S2 from contacting the front end of the inside area
6¢i of the terminal fitting 6c¢; in this case, however, the wire S2
needs to be bent sharply, thereby complicating a winding
process.

However, in the present invention, the front end of the
inside area 6¢i of the wide terminal fitting 6¢ is set back, so
that it is possible to avoid the wire lead section from contact-
ing a different terminal fitting from its connection target ter-
minal electrode. On the other hand, the outside area 6co ofthe
terminal fitting 6¢ is not set back. Thus, the front end of the
outside area 6co of the terminal fitting 6¢ reaches a position as
close as possible to the inner side surface of the flange 4A,
making it possible to easily connect the end of the wire S4 to
the corresponding terminal fitting. A setback amount SB of
the front end of the inside area 6c¢i of the terminal fitting 6c¢ is
not especially limited as long as it is possible to avoid the lead
section of the wire S2 from contacting the inside area 6ci of
the terminal fitting 6¢ and to connect the wire S2 to its con-
nection target terminal fitting at its end portion.

Configurations of the terminal fittings 6d, 6e, and 6/ at the
flange 4B side are the same as those of the configurations of
the terminal fittings 6a, 65, and 6¢ at the flange 4A side. That
is, front ends of the terminal fitting 6e and inside area 6fi of the
terminal fitting 6/ are set back.

FIGS. 11A to 11D are schematic plan views illustrating
modifications of a terminal electrode structure of the pulse
transformer according to the present invention.

The terminal electrodes illustrated in FIGS. 11A to 11C
each have a configuration in which each front end of all the
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terminal metal electrodes provided on the flange 4A are set
back in a uniform way. The configuration of FIG. 11A is a
modification of the pulse transformer 1 according to the first
embodiment, in which the three terminal fittings 6a, 65, and
6¢ are set back. The configuration of FIG. 11B is a modifica-
tion of the pulse transformer 8 according to the second
embodiment, in which the four terminal fittings 6a, 65, 6¢1,
and 6¢2 are set back. The configuration of FIG. 11C is a
modification of the pulse transformer 9 according to the third
embodiment, in which both the inside area 6¢i and outside
area 6co of the wide terminal fitting 6c are set back, and the
front ends of the terminal fittings 6a and 65 are also set back.

FIG. 11D is another modification of the pulse transformer
8 according to the third embodiment. As is the case with FIG.
11C, both the inside area 6¢i and outside area 6co of the wide
terminal fitting 6¢ are set back. Further, the front end of the
terminal fitting 65 is set back, while the front end of the
terminal fitting 64 is not set back.

As described above, all the electrode structures illustrated
in FIGS. 11A to 11D have a configuration in which the front
end of a terminal fitting that may contact a middle portion of
the lead section of the wire S2 or wire S3 is set back, so that
it is possible to avoid the wire lead section from contacting a
different terminal fitting from its connection terminal elec-
trode.

FIG. 12 is a schematic plan view illustrating another modi-
fication of the terminal electrode structure of the pulse trans-
former according to the present invention.

As illustrated in FIG. 12, in a pulse transformer 10, the
front end of the terminal fitting 65 is not flat, but inclined in a
direction approaching the outer side surface SUo of the flange
4 A toward the center axis Y0 of the winding core 3, that is,
gradually set back toward the outer side surface SUo. Simi-
larly, the front end of the terminal fitting 6e is not flat, but
inclined in a direction approaching the outer side surface SUo
of'the flange 4B toward the center axis Y0 of the winding core
3, that is, gradually set back toward the outer side surface
SUo. Other configurations are the same as those of the pulse
transformer 1 according to the first embodiment. With this
configuration, the same effects as those in the first embodi-
ment can be obtained.

Although the preferable embodiment of the invention has
been described above, it is needless to say that the invention is
by no means restricted to the embodiment and can be embod-
ied in various modes within the scope which does not depart
from the gist of the invention.

For example, although a pulse transformer of a type in
which the terminal fittings are adhered to the flange is exem-
plified in the above embodiment, the pulse transformer of the
present invention is not limited to this type, but may be a type
in which a conductive material such as silver paste is directly
formed on the flange. This allows formation of a more elabo-
rate and robust electrode surface having high fixing strength
with respect to a material, thereby enhancing erosion resis-
tance and shock resistance.

What is claimed is:

1. A pulse transformer, comprising:

a drum core having a winding core, a first flange provided
at one end of the winding core in a first direction, and a
second flange provided at the other end of the winding
core in the first direction;

a first terminal electrode, a second terminal electrode, and
a second center tap which are provided on a bottom
surface of the first flange and arranged in a second direc-
tion perpendicular to the first direction;
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a third terminal electrode, a fourth terminal electrode, and
a first center tap which are provided on a bottom surface
of the second flange and arranged in the second direc-
tion;

a first wire wound around the winding core and having one
end connected to the first terminal electrode and the
other end connected to the first center tap;

a second wire wound around the winding core and having
one end connected to the first center tap and the other end
connected to the second terminal electrode;

a third wire wound around the winding core and having one
end connected to the fourth terminal electrode and the
other end connected to the second center tap; and

a fourth wire wound around the winding core and having
one end connected to the second center tap and the other
end connected to the third terminal electrode, wherein

a front end of the second terminal electrode positioned near
an inner side surface of'the first flange is set back toward
an outer side surface of the first flange,

a front end of the fourth terminal electrode positioned near
an inner side surface of the second flange is set back
toward an outer side surface of the second flange,

a lead section of the second wire crosses at least one lead
section of the first, third and fourth wires on the bottom
surface of the first flange at a first cross point,

a lead section of the third wire crosses at least one lead
section of the first, second and fourth wires on the bot-
tom surface of the second flange at a second cross point,

the first cross point is positioned closer to the outer side
surface of the first flange than a front end of the first
terminal electrode and the second center tap, and

the second cross point is positioned closer to the outer side
surface of the second flange than a front end of the third
terminal electrode and the first center tap.

2. The pulse transformer as claimed in claim 1, wherein

the first and fourth wires are wound in a first winding
direction from the one end of the winding core to the
other end thereof, and

the second and third wires are wound in a second winding
direction opposite to the first winding direction from the
one end of the winding core to the other end thereof.

3. The pulse transformer as claimed in claim 1, wherein

the front end of the first terminal electrode is positioned
closer to the inner side surface of the first flange than the
front end of the second terminal electrode, and

the front end of the third terminal electrode is positioned
closer to the inner side surface of the second flange than
the front end of the fourth terminal electrode.

4. The pulse transformer as claimed in claim 1, wherein

the other end of the second wire is led out from a first side
surface side of the winding core which is a far side from
the second terminal electrode so as to cross a center axis
of the winding core and connected to the second termi-
nal electrode,

the one end of the third wire is led out from a second side
surface side of the winding core which is a far side from
the third terminal electrode so as to cross the center axis
of the winding core and connected to the fourth terminal
electrode,

the second and fourth wires cross each other at the first
cross point in the course of connecting to the second
terminal electrode and second center tap, respectively,
and

the third and first wires cross each other at the second cross
point in the course of connecting to the fourth terminal
electrode and first center tap, respectively.
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5. The pulse transformer as claimed in claim 1, wherein

a first distance between the second terminal electrode and
second center tap in the second direction is larger than a
second distance between the first terminal electrode and
second terminal electrode in the second direction and,

a third distance between the fourth terminal electrode and
first center tap in the second direction is larger than a
third distance between the third terminal electrode and
fourth terminal electrode in the second direction.

6. The pulse transformer as claimed in claim 1, wherein

the second center tap comprises a single terminal electrode
provided on the first flange, and

the first center tap comprises a single terminal electrode
provided on the second flange.

7. The pulse transformer as claimed in claim 6, wherein

the front end of the first center tap is positioned closer to the
inner side surface of the first flange than the front end of
the second terminal electrode, and

the front end of the second center tap is positioned closer to
the inner side surface of the second flange than the front
end of the fourth terminal electrode.

8. The pulse transformer as claimed in claim 1, wherein

the first center tap includes first and second center tap
terminal electrodes provided on the second flange,

the second center tap includes third and fourth center tap
terminal electrodes provided on the first flange,

the one end of the second wire is connected to the first
center tap terminal electrode,

the other end of the first wire is connected to the second
center tap terminal electrode,

the other end of the third wire is connected to the third
center tap terminal electrode,

the one end of the fourth wire is connected to the fourth
center tap terminal electrode,

a front end of one of the first and second center tap terminal
electrodes positioned near the inner side surface of the
second flange is set back toward the outer side surface of
the second flange, and

a front end of one of the third and fourth center tap terminal
electrodes positioned near the inner side surface of the
first flange is set back toward the outer side surface of the
first flange.

9. The pulse transformer as claimed in claim 1, wherein

the first center tap includes first and second center tap
regions provided in a single terminal electrode, and the
second center tap includes third and fourth center tap
regions provided in a single terminal electrode,

the one end of the second wire is connected to the first
center tap region,

the other end of the first wire is connected to the second
center tap region,

the other end of the third wire is connected to the third
center tap region,

the one end of the fourth wire is connected to the fourth
center tap region,

a front end of the second center tap region positioned near
the inner side surface of the second flange is set back
toward the outer side surface of the second flange, and

a front end of the third center tap region positioned near the
inner side surface ofthe first flange is set back toward the
outer side surface of the first flange.

10. The pulse transformer as claimed in claim 1,

wherein the first to fourth terminal electrodes and first and
second center taps are each formed as a terminal fitting
fixed to the first or second flange.
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11. The pulse transformer as claimed in claim 1,

wherein the first to fourth terminal electrodes and first and
second center taps are each formed of a conductive
material directly applied on the first or second flange.

12. A pulse transformer, comprising:

a drum core including a winding core, a first flange pro-
vided at one end of the winding core, and a second flange
provided at other end of the winding core;

first, second, third and fourth terminal electrodes provided
on the first flange;

fifth, sixth, seventh and eighth terminal electrodes pro-
vided on the second flange;

a first wire wound around the winding core so as to elec-
trically connect the first and seventh terminal electrodes
to each other;

a second wire wound around the winding core so as to
electrically connect the second and eighth terminal elec-
trodes to each other;

a third wire wound around the winding core so as to elec-
trically connect the fourth and sixth terminal electrodes
to each other; and

a fourth wire wound around the winding core so as to
electrically connect the third and fifth terminal elec-
trodes to each other, wherein

the second terminal electrode is located between the first
and fourth terminal electrodes,

the sixth terminal electrode is located between the fifth and
eighth terminal electrodes,

the first flange has a bottom surface on which the first,
second, third and fourth terminal electrodes are pro-
vided, an inner side surface connected to the winding
core, and an outer side surface opposite to the inner side
surface,

the second flange has a bottom surface on which the fifth,
sixth, seventh and eighth terminal electrodes are pro-
vided, an inner side surface connected to the winding
core, and an outer side surface opposite to the inner side
surface,

a front end of the second terminal electrode is set back
toward the outer side surface of the first flange such that
a front end of the first terminal electrode is positioned
closer to the inner side surface of the first flange than the
front end of the second terminal electrode,

a front end of the sixth terminal electrode is set back toward
the outer side surface of the second flange such that a
front end of the fifth terminal electrode is positioned
closer to the inner side surface of the second flange than
the front end of the sixth terminal electrode,

a lead section of the second wire crosses at least one lead
section of the first, third and fourth wires on the bottom
surface of the first flange at a first cross point,

a lead section of the third wire crosses at least one lead
section of the first, second and fourth wires on the bot-
tom surface of the second flange at a second cross point,

the first cross point is positioned closer to the outer side
surface of the first flange than the front end of the first
terminal electrode, and

the second cross point is positioned closer to the outer side
surface of the second flange than the front end of the fifth
terminal electrode.

13. The pulse transformer as claimed in claim 12, wherein

one of front ends of the third and fourth terminal electrodes
is set back toward the outer side surface of the first
flange, and

one of front ends of the seventh and eighth terminal elec-
trodes is set back toward the outer side surface of the
second flange.
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14. The pulse transformer as claimed in claim 13, wherein

other of front ends of the third and fourth terminal elec-
trodes is positioned closer to the inner side surface of the
first flange than the one of front ends of the third and
fourth terminal electrodes, and

other of front ends of the seventh and eighth terminal
electrodes is positioned closer to the inner side surface of
the second flange than the one of front ends of the sev-
enth and eighth terminal electrodes.

15. The pulse transformer as claimed in claim 12, wherein

the first and fourth wires are wound in a first winding
direction from the one end of the winding core to the
other end thereof, and

the second and third wires are wound in a second winding
direction opposite to the first winding direction from the
one end of the winding core to the other end thereof.

16. A pulse transformer, comprising:

a drum core including a winding core, a first flange pro-
vided at one end of the winding core, and a second flange
provided at other end of the winding core;

first, second, third and fourth terminal electrodes provided
in this order on the first flange;

fifth, sixth, seventh and eighth terminal electrodes pro-
vided in this order on the second flange; and

first, second, third and fourth wires each electrically con-
nects different one of the first, second, third and fourth
terminal electrodes to different one of the fifth, sixth,
seventh and eighth terminal electrodes to each other,
wherein

the first flange has a bottom surface on which the first,
second, third and fourth terminal electrodes are pro-
vided, an inner side surface connected to the winding
core, and an outer side surface opposite to the inner side
surface,

the second flange has a bottom surface on which the fifth,
sixth, seventh and eighth terminal electrodes are pro-
vided, an inner side surface connected to the winding
core, and an outer side surface opposite to the inner side
surface,

front ends of the second and third terminal electrodes are
closer to the outer side surface of the first flange than
front ends of the first and fourth terminal electrodes,

10

15

20

25

30

35

40

18

front ends of the sixth and seventh terminal electrodes are
closer to the outer side surface of the second flange than
front ends of the fifth and eighth terminal electrodes,

at least two lead sections of the first, second, third and
fourth wires cross to each other on the bottom surface of
the first flange at a first cross point and on the bottom
surface of the second flange at a second cross point,

the first cross point is positioned closer to the outer side
surface of the first flange than the front ends of the first
and fourth terminal electrodes, and

the second cross point is positioned closer to the outer side
surface of the second flange than the front ends of the
fifth and eighth terminal electrodes.

17. The pulse transformer as claimed in claim 16, wherein
the first and second wires are electrically connected to the
first and second terminal electrodes, respectively, and
the first and second wires are wound in a different winding

direction from each other.
18. The pulse transformer as claimed in claim 17, wherein
the third and fourth wires are electrically connected to the
third and fourth terminal electrodes, respectively, and
the third and fourth wires are wound in a different winding
direction from each other.

19. The pulse transformer as claimed in claim 16,

wherein a distance between the second and third terminal
electrodes is greater than a distance between the first and
second terminal electrodes.

20. The pulse transformer as claimed in claim 19,

wherein the distance between the second and third terminal
electrodes is greater than a distance between the third
and fourth terminal electrodes.

21. The pulse transformer as claimed in claim 20,

wherein a distance between the sixth and seventh terminal
electrodes is greater than both of a distance between the
fifth and sixth terminal electrodes and a distance
between the seventh and eighth terminal electrodes.

22. The pulse transformer as claimed in claim 16,

wherein the first to eighth terminal electrodes are each
formed of a conductive material applied on the first or
second flange.



